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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention is directed to D-alanine racemase mutants of 

mycobacterial species. The D-alanine racemase gene (alrA) is involved in 
the systhesis of D-alanine, a basic component of peptidoglycan that 
forms the backbone of the bacterial cell wall. The present invention is 
also directed to methods of making live-attenuated vaccines against 
pathogenic mycobacteria using such alrA mutants and to the vaccines made 
according to such methods. The present invention is further directed to 
use of alrA mutants in methods for screening antimycobacterial agents 
that are synergistic with peptidoglycan inhibitors. Finally, the present 
invention is directed to methods to identify new pathways of D-alanine 
biosynthesis for use in developing new drugs targeting peptidoglycan 
biosynthesis in mycobacteria and to identify vaccines useful against 
pathogenic mycobacteria. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A mutated mycobacterium selected from the class consisting of mutated M. 

bovis-BCG, mutated M. tuberculosis, and mutated M. leprae. The mutation 
of M. bovis-BCG, M. tubeiculosis, or M. leprae is preferably effected 
through an insertional mutation of a mycobacterial gene. The insertional 
mutagenesis may be effected, for example, through illegitimate 
recombination or by a mycobacterial transposon. Such mutated 



mycobacteria may then be transformed with an expression vector (s) 
containing a complement gene to the gene which is mutated, and 
preferably also including a heterologous gene. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A mutated mycobacterium selected from the class consisting of mutated 

M.bovis-BCG, mutated M . tuberculosis , and mutated M. leprae. The mutation 
of M.bovis-BCG, M . tuberculosis , or M. leprae is preferably effected 
through an insertional mutation of a mycobacterial gene. The insertional 
mutagenesis may be effected, for example, through illegitimate 
recombination or by a mycobacterial transposon. Such mutated 
mycobacteria may then be transformed with an expression vector (s) 
containing a complement gene to the gene which is mutated, and 
preferably also including a heterologous gene. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a purified and isolated nucleic acid 

encoding mycobacterial isocitrate lyase, as well as mutated forms of the 
nucleic acid. Further provided are purified and isolated isocitrate 
lyase proteins and mutated isocitrate lyase proteins. Additionally, the 
present invention provides vectors which comprises nucleic acid 



sequences encoding mycobacterial isocitrate lyase and mutated forms of 
this nucleic acid, as well as host cells containing these vectors. Also 
provided is a mycobacterium containing one or more mutations in its 
isocitrate lyase gene. Further provided by the present invention are 
agents that inhibit the activity or expression of a mycobacterial lyase 
protein, a method of identifying these, and a method of producing them. 
Finally, the present invention also provides a method of identifying 
genes required for persistence of mycobacteria. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention discloses methods for identifying loci of 

antibiotic hypersusceptibility mutations using random insertional 
mutagenesis of a bacterial population with a selectable or screenable 
marker, treatment of a mutagenized bacterial population with an 
antibacterial agent, and selection of DNA of cells affected by the 
antibacterial agents. In some embodiments, the DNA selected is released 
from bacteria lysed in response to antibacterial treatment. The selected 
DNA also may be released as a result of exposure to a non-lysing 
antibacterial agent in combination with one or more additional 
treatments that results in bacterial lysis. In other instances, selected 
DNA may be released from bacteria only as a result of insertion of a 
lysis gene cassette through genetic engineering of the bacteria. In some 
instances, the selected DNA is used to transform fresh populations of 
bacteria and the cycle of DNA selection and transformation is repeated 
as many times as needed for obtaining hypersusceptibility mutants. After 
the DNA of such a mutant is collected, purified and sequenced, the 
location of a selectable or screenable marker identifies the 
antibacterial hypersusceptibility locus. The proteins encoded by these 
loci can serve as targets for potentiators of an antibacterial agent. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Disclosed are methods for the determination of virulence determinants in 



bacteria and in particular bacteria of the genus Mycobacterium. Also 
disclosed are compositions and methods for stimulating an immune 
response in an animal using bacteria and virulence determinants 
identified by the methods of the present invention. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a isolated bacteriophage useful as a tool 

for studying biological, biochemical, physiological and genetic 
properties of actinomycetes and other organisms which comprises a novel 
strain of Saccharomonospora having certain specified characteristics. 
The invention also relates to a process for the isolation of the said 
bacteriophage and/or DNA phage and to a novel universal growth medium 
which is particularly useful in the said process. Another embodiment of 
the process relates to a cloning vector which comprises a plasmid or 
bacteriophage comprising the phage DNA of the invention. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Disclosed are novel recombinant mutant strains of mycobacteria that are 

deficient for the synthesis or transport of dimycoserosalphthiocerol 
("DIM"). The present invention also provides a method of producing a 
recombinant mutant mycobacterium that is deficient for the synthesis or 
transport of DIM, comprising mutating a nucleic acid responsible for the 
synthesis or transport of dimycoserosalphthiocerol, including a nucleic 
acid comprising the promoter for the pps operon, fadD28 or mmpL7 . The 
present invention also provides a vaccine comprising a DIM mutant 
mycobacterium of the present invention, as well as a method for the 
treatment or prevention of tuberculosis in a subject using the vaccine. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention refers in general to novel recombinant 

mycobacteria that are auxotrophic for diaminopimelate. In particular, 
this invention relates to novel auxotrophic- recombinant mycobacteria, to 
methods of making the mycobacteria, and to uses of the mycobacteria to 
deliver vaccines. This invention also provides for uses of the 
mycobacteria in drug screening processes. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention is directed to L5 shuttle phasmids capable of delivering 

foreign DNA into mycobacteria and to methods of producing L5 shuttle 
phasmids. In addition, this invention is directed to a method of 
generating mycobacterial mutations and to a method of producing 
mycobacterial vaccines. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a conditional shuttle phasmid constructed 

by inserting a cosmid into a non-essential region of the TM4 
mycobacteriophage that introduces DNA of interest into mycobacteria, 
especially M. tuberculosis complex organisms and other slow growing 
mycobacteria. The present invention provides a recombinant mycobacterium 
which expresses a DNA of interest incorporated into its chromosome by a 
TM4 conditional shuttle phasmid containing the DNA of interest. The 
present invention further provides a mycobacterial auxotrophic mutant 
and a method of generating auxotrophic mutants. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention provides a conditional shuttle phasmid constructed 

by inserting a cosmid into a non-essential region of the D29 
mycobacteriophage which is capable of introducing DNA of interest into 
the chromosome of mycobacteria, especially M. tuberculosis complex 
organisms and other slow growing mycobacteria. The present invention 
provides a recombinant mycobacterium which expresses a DNA of interest 
incorporated into its chromosome by a conditional shuttle plasmid 
containing the DNA of interest. The present invention further provides a 
mycobacterial auxotrophic mutant and method of generating auxotrophic 
mutants. Finally, the present invention provides a method of 
inactivating a mycobacterial virulence gene. 
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TI Differential expression of NF-kappaB in mycobacteria infected 

THP-1 affects apoptosis. 
AU Dhiman Rohan; Raje Mano j ; Majumdar Sekhar 

CS Division of Cell Biology and Immunology, Institute of Microbial Technology 

(CSIR) , Chandigarh 160 036, India. 
SO Biochimica et biophysica acta, (2007 Apr) Vol. 1770, No. 4, pp. 649-58. 

Electronic Publication: 2006-12-06 . 

Journal code: 0217513. ISSN: 0006-3002. 
CY Netherlands 

DT Journal; Article; (JOURNAL ARTICLE) 
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LA English 
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ED Entered STN: 27 Feb 2007' 

Last Updated on STN: 18 Apr 2007 
Entered Medline: 17 Apr 2007 

AB The present study was conducted to see the role of NF-kappaB in virulent ( 
Mycobacterium tuberculosis H37Rv) and avirulent (M. 
tuberculosis H37Ra) mycobacterial infection in THP-1 cells. To" 
inactivate NF-kappaB, pCMV-IkappaBalphaM dn containing THP-1 cell line was 
generated which showed marked increase in apoptosis with M. tuberculosis 
H37Rv and M. tuberculosis H37Ra. Infected THP-1 -IkappaBalphaM dn cells 
showed decrease in mitochondrial membrane potential, cytochrome c release, 
activation of caspase-3 and enhanced TNF-alpha production. Increase in 
apoptosis of infected THP-1 -IkappaBalphaM dn cells resulted in inhibition 
of intracellular mycobacterial growth. Differential NF-kappaB 
activation potential was observed with M. tuberculosis H37Rv and M. 
tuberculosis H37Ra. Both the strains activated NF-kappaB after 4 h in 
THP-1 cells however after 48 h only M. tuberculosis H37Rv activated 
NF-kappaB which lead to up-regulation of bcl-2 family anti-apoptotic 
member, bfl-l/Al. Our results indicated that NF-kappaB activation may be 
a determinant factor for the success of virulent mycobacteria 
within macrophages. 
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TI Expression, production and release of the Eis protein by 

Mycobacterium tuberculosis during infection of macrophages and its 

effect on cytokine secretion. 
AU Samuel, Linoj P. [Reprint Author] ; Song, Chang-Hwa; Wei, Jun; Roberts, 

Esteban A.; Dahl, John L. ; Barry, Clifton E. Ill; Jo, Eun-Kyeong; 

Friedman, Richard L. 
CS Univ Rochester, Dept Clin Microbiol, 601 Elmwood Ave, Box 710, Rochester, 

NY 14642 USA 
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SO Microbiology (Reading), (FEB 2007) Vol. 153, No. Part 2, pp. 529-540. 

ISSN: 1350-0872. 
DT Article 
LA English 

ED Entered STN: 28 Mar 2007 

Last Updated on STN: 28 Mar 2007 
AB The eis gene of Mycobacterium tuberculosis has been shown to . 

play a role in the survival of the avirulent 

Mycobacterium smegmatis within the macrophage. In vitro and in 
vivo analysis of Delta eis deletion mutants and complemented 



strains showed no effect on survival of M. tuberculosis in U-937 
macrophages or in a mouse aerosol infection model, respectively . ( Further 
studies were done in an attempt to determine the role of eis in M. 
tuberculosis intracellular survival and to define a phenotypic difference 
between wild-type and the Delta eis deletion mutant. 

Bioinf ormatic analysis indicated that Eis is an acetyltransf erase of the 
GCN5-related family of N-acetyltransf erases . Immunofluorescence 
microscopy and Western blot analysis studies demonstrated that Eis is 
released into the cytoplasm of M. tuberculosis-infected U-937 macrophages. 
Eis was also found in the extravesicular fraction and culture supernatant 
of M. tuberculosis- infected macrophages. The effect of Eis on human 
macrophage cytokine secretion was also examined. Eis modulated the 
secretion of IL-10 and TNF- alpha by primary human monocytes in response 
both to infection with M. tuberculosis and to stimulation with recombinant 
Eis protein. These results suggest that Eis is a mycobacterial 
effector that is released into the host cell to modulate inflammatory 
responses, possibly via transcriptional or post- translational means. 
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TI A mycobacterial operon essential for virulence in vivo and 

invasion and intracellular persistence in macrophages. 
AU Gao, Lian-Yong [Reprint Author] ; Pak, Melissa; Kish, Rabab; Kajihara, 

Kimberly; Brown, Eric J. 
CS Univ Calif San Francisco, Program Microbial Pathogenesis and Host Def, 600 
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ED Entered STN: 31 May 2006 

Last Updated on STN: 31 May 2 006 

AB The ability to invade and grow in macrophages is necessary for 
Mycobacterium tuberculosis to cause disease. We have found a 
Mycobacterium marinum locus of two genes that is required for both 
invasion and intracellular survival in macrophages. The genes were 
designated iipA (mycobacterial invasion and intracellular 
persistence) and iipB. The iip mutant, which was created by 
insertion of a kanamycin resistance gene cassette at the 5' region of 
i'ipA, was completely avirulent to zebra fish. Expression of the 
M. tuberculosis orthologue of iipA, Rvl477, fully complemented the iip 
mutant for infect ivity in vivo, as well as for invasion and 
intracellular persistence in macrophages. In contrast, the iipB 
orthologue, Rvl478, only partially complemented the iip mutant 
in vivo and restored invasion but not intracellular growth in macrophages. 
While IipA and IipB differ at their N termini, they are highly similar 
throughout their C- terminal NLPC_p60 domains. The p60 domain of Rvl478 is 
fully functional to replace that of Rvl477, suggesting that the N- terminal 
sequence of Rvl477 is required for full virulence in vivo and in 
macrophages. Further mutations demonstrated that both 

Arg-Gly-Asp (RGD) and Asp-Cys-Ser-Gly (DCSG) sequences in the p60 domain 
are required for function. The iip mutant exhibited increased 
susceptibility to antibiotics and lysozyme and failed to fully separate 
daughter cells in liquid culture, suggesting a role for iip genes in cell 
wall structure and function. Altogether, these studies demonstrate an 
essential role for a p60-containing protein, IipA, in the pathogenesis of 
M. marinum infection. 
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AB Mendelian susceptibility to mycobacterial disease is a recently 
described entity, responsible for disseminated disease due to 
nonvirulent mycobacteria and, to a lesser extent, 
non- typhoid salmonella in otherwise healthy patients. Different 
mutations in 5 genes and allelic heterogeneity accounts for 12 
different diseases. The proteins encoded by the mutated alleles 
all belong to the interferon gamma/ interleukin 12 loop, a hallmark of 
granulomatous immune response. Patients with defects in the IFNgamma 
pathway are predisposed to mycobacterial diseases, while those 
with defects in the IL-12 pathway are threatened more often by non- typhoid 
(systemic) salmonellosis. Tuberculosis has been described in both of 
these signaling pathway defects. Genetic dissection of the IL- 12/IFNgamma 
pathway should improve our understanding of the human immune response to 
mycobacteria and help us begin to elucidate the genetic bases of 
tuberculosis . 
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TI Neutral-red reaction is related to virulence and cell wall methyl -branched 
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AB Searching for virulence marking tests for Mycobacteritan 

tuberculosis, Dubos and Middlebrook reported in 1948 that in an alkaline 

aqueous solution of neutral-red, the cells of the virulent H37Rv M. 

tuberculosis strain fixed the dye and became red in color, whereas the 

cells of the avirulent H3 7Ra M. tuberculosis strain remained 

unstained. In the 1950 and 1960s, fresh isolates of M. tuberculosis were 

tested for this neutral-red cytochemical reaction and it was reported that 

they were neutral -red positive, whereas other mycobacteria of 

diverse environmental origins that were non-pathogenic for guinea pigs 

were neutral -red negative. However, neutral -red has not really been 

proven to be a virulence marker. To test if virulence is in fact 



correlated to neutral-red, we studied a clinical isolate of M. 

tuberculosis that was originally neutral -red positive but, after more than 

I year parsing through culture mediums, turned neutral-red negative. We 

found that, in comparison to the original neutral- red positive strain, 

this neutral-red negative variant was attenuated in two murine models of 

experimental tuberculosis. Lipid analysis showed that this neutral-red 

negative natural mutant lost the capacity to synthesize 

pthiocerol dimycocerosates , a cell wall methyl -branched lipid that has 

been related to virulence in M. tuberculosis. We also studied the 

neutral-red of different gene- targeted M. tuberculosis mutants 

unable to produce pthiocerol dimycocerosates or other cell wall 

methyl -branched lipids such as sulfolipids, and polyacyltrehaloses . We 

found a negative neutral -red reaction in mutants that were 

deficient in more than one type of methyl-branched lipids. We conclude 

that neutral -red is indeed a marker of virulence and it indicates 

important perturbations in the external surface of M. tuberculosis cells. 

(c) 2005 Elsevier SAS . All rights reserved. 
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AB A method of attenuating a bacterial pathogen by an inactivating 

mutation in a pdx gene for pyridoxal 5 ' -phosphate biosynthesis is 
described. These attenuated strains are auxotrophic for pyridoxal 
phosphate and can be used in vaccines and to screen for antibacterial 
compds. Thus, Bacillus subtilis genes yaaD and yaaE were shown to be 
homologs of pdxS and pdxT genes involved in pyridoxal 5' -phosphate 
biosynthesis. The two genes form an operon. PdxS and PdxT formed a 
complex with glutaminase activity. No revertants or pseudorevertants of 
pdxS, or pdxST, null mutants were observed Another gene, called 
pdxZ, was identified as a novel type of pyridoxal kinase involved in the 
salvage pathway of pyridoxal 5 ' -phosphate biosynthesis. Double pdxS-pdxZ 
mutants were only able to grow when the culture medium was 
supplemented with very high concns . of pyridoxal. 
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TI Transposon mutagenesis of MbOlOO at the ppel-nrp locus in 

Mycobacterium bovis disrupts phthiocerol dimycocerosate (PDIM) and 
glycosylphenol-PDIM biosynthesis, producing an avirulent strain 
with vaccine properties at least equal to those of M-bovis BCG . 
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AB The unusual and complex cell wall of pathogenic mycobacteria 

plays a major role in pathogenesis, with specific complex lipids acting as 

defensive, offensive, or adaptive effectors of virulence. The phthiocerol 

and phthiodiolone dimycocerosate esters (PDIMs) comprise one such category 

of virulence-enhancing lipids. Recent work in several laboratories has 

established that the Mycobacterium tuberculosis fadD26-mmpL7 

(Rv2930-Rv2942) locus plays a major role in PDIM biosynthesis and 

secretion and that PDIM is required for virulence. Here we describe two 

independent transposon mutants (WAg533 and WAg537) of 

Mycobacterium bovis, both of which carry an insertion in MbOlOO (= 

M. tuberculosis Rv0097) to reveal a new locus involved in PDIM 

biosynthesis. The mutations have a polar effect on expression 

of the downstream genes MbOlOl, Mb0102 (fadDlO) , Mb0103, and Mb0104 (nrp) , 

and MbOlOO is shown to be in an operon comprising these genes and Mb0099. 

Reverse transcription- PCR analysis shows elevated transcription of genes 

in the operon upstream from the transposon insertion sites in both 

mutants. Both mutants have altered colony morphology 

and do not synthesize PDIMs or glycosylphenol-PDIM. Both mutants 

are avirulent in a guinea pig model of tuberculosis, and when 

tested as a vaccine, WAg533 conferred protective immunity against M. bovis 

infection at least equal to that afforded by M. bovis bacillus 

Calmette-Guerin. 
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TI Elemental analysis of Mycobacterium avium-, 

Mycobacterium tuberculosis-, and Mycobacterium 

smegmatis- containing phagosomes indicates pathogen- induced 

microenvironments within the host cell's endosomal system. 
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AB Mycobacterium avium and Mycobacterium tuberculosis are 

human pathogens that infect and replicate within macrophages. Both 
organisms live in phagosomes that fail to fuse with lysosomes and have 
adapted their lifestyle to accommodate the changing environment within the 
endosomal system. Among the many environmental factors that could 
influence expression of bacterial genes are the concentrations of single 
elements within the phagosomes. We used a novel hard x-ray microprobe 
with suboptical spatial resolution to analyze characteristic x-ray 
fluorescence of 10 single elements inside phagosomes of macrophages 
infected with M. tuberculosis and M. avium or with avirulent M. 
smegmatis. The iron concentration decreased over time in phagosomes of 
macrophages infected with Mycobacterium smegmatis but increased 



in those infected with pathogenic mycobacteria. Autoradiography 
of infected macrophages incubated with (59) Fe-loaded transferrin 
demonstrated that the bacteria could acquire iron delivered via the 
endocytic route, confirming the results obtained in the x-ray microscopy. 
In addition, the concentrations of chlorine, calcium, potassium, 
manganese, copper, and zinc were shown to differ between the vacuole of 
pathogenic mycobacteria and M. smegmatis. Differences in the 
concentration of several elements between M. avium and M. tuberculosis 
vacuoles were also observed. Activation of macrophages with recombinant 
IFN-gamma or TNF-alpha before infection altered the concentrations of 
elements in the phagosome, which was not observed in cells activated 
following infection. Siderophore knockout M. tuberculosis vacuoles 
exhibited retarded acquisition of iron compared with phagosomes with 
wild-type M. tuberculosis. This is a unique approach to define the 
environmental conditions within the pathogen- containing compartment. 
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the host immune response and cellular location of M-ulcerans in vitro and 
in vivo. 
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AB Mycobacterium ulcerans produces an extracellular cutaneous 

infection (Buruli ulcer) characterized by immunosuppression. This is in 

stark contrast to all other pathogenic Mycobacteria species that 

cause intracellular, granulomatous infections. The unique 

mycobacterial pathology of M. ulcerans infection is attributed to 

a plasmid- encoded immunomodulatory macrolide toxin, mycolactone. In this 

article we explore the role of mycolactone in the virulence of M. ulcerans 

using mycolactone and genetically defined mycolactone negative 

mutants. In a guinea pig infection model wild- type (WT) M. 

ulcerans produces an extracellular infection whereas mycolactone negative 

mutants produce an intracellular inflammatory infection similar to 

that of Mycobacterium marinum. Although mycolactone negative 

mutants are avirulent, they persist for at least 6 

weeks. Chemical complementation of M. ulcerans mutants with 

mycolactone restores WT M. ulcerans pathology. Mycolactone negative 

mutants are capable of growth within macrophages in vitro whereas 

macrophages are killed by WT M. ulcerans. The ability of mycolactone to 

caused delayed cell death via apoptosis has been reported. However, 

mycolactone also causes cell death via necrosis. In vitro mycolactone has 

antiphagocytic properties. Neither WT M . ulcerans nor mycolactone 

negative strains are strong neutrophil attractants. These results suggest 

that mycolactone is largely responsible for the unique pathology produced 

by M. ulcerans. 
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AB Differential display (DD) -PCR was used to clone the differential expressed 
genes between Mycobacterium tuberculosis virulent strain H37Rv 
and its avirulent mutant H37Ra. All of different 

genes were cloned, sequenced, and some were analyzed by Northern blotting. 
Two cDNAs that express in H3 7Rv but not in H37Ra were cloned and 
sequenced, Rv0170 and Rvl8 94c, code for proteins with unknown functions. 
The two genes were present in H37Ra, but not expressed. These results 
showed that mRNA DD methodol . can represent a potential tool for research 
on M. tuberculosis gene expression. 
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Specific genetic deletions are identified that serve as markers to 
distinguish between avirulent and virulent mycobacteria 
strains, including M. bovis, M. bovis BCG strains, M. tuberculosis (M. 
tb.) isolates, and bacteriophages that infect mycobacteria. 
These deletions are used as genetic markers to distinguish between the 
different mycobacteria. In one embodiment of the invention, a 



plurality of antigens encoded by the provided genetic markers is used in 
the diagnosis of M. tuberculosis infection. Alternatively, the deleted 
genes are identified in the M. tb. genome sequence, and are then 
reintroduced by recombinant methods into BCG or other vaccine strains, in 
order to improve the efficacy of vaccination. 
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AB Pathogenic mycobacteria survive within macrophages by precluding 

the fusion of phagosomes with late endosomes or lysosomes. Because the 

molecular determinants of normal phagolysosome formation are poorly 

understood, the sites targeted by mycobacteria remain 

unidentified. We found that Hrs, an adaptor molecule involved in protein 
sorting, associates with phagosomes prior to their fusion with late 
endosomes or lysosomes. Recruitment of Hrs required the interaction of 
its FYVE domain with phagosomal phosphatidylinositol 3 -phosphate, but two 
other attachment sites were additionally involved. Depletion of Hrs by 
use of small interfering RNA impaired phagosomal maturation, preventing 
the acquisition of lysobisphosphatidic acid and reducing luminal 
acidification. As a result, the maturation of phagosomes formed in 
Hrs-depleted cells was arrested at an early stage, characterized by the 
acquisition and retention of sorting endosomal markers. This phenotype is 
strikingly similar to that reported to occur in phagosomes of cells 
infected by mycobacteria. We therefore tested whether Hrs is 
recruited to phagosomes containing mycobacteria. Hrs associated 
readily with phagosomes containing inert particles but poorly with 
mycobacterial phagosomes. Moreover, Hrs was found more frequently 
in phagosomes containing avirulent Mycobacterium 

smegmatis than in phagosomes with the more virulent Mycobacterium 
marinum. These findings suggest that the inability to recruit Hrs 
contributes to the arrest of phagosomal maturation induced by pathogenic 
mycobacteria . 
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TI A two- component signal transduction system with a PAS domain- containing 
sensor is required for virulence of Mycobacterium tuberculosis 
in mice. 
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AB Mycobacterium tuberculosis, the causative organism of 

tuberculosis, encounters oxidative stress during phagocytosis by the 
macrophage and following macrophage activation during an acquired immune 
response, and also from internally generated sources of radical oxygen 
intermediates through intermediary metabolism. We have identified the 
SenX3 protein, a sensor in 1 of the 11 complete pairs of two-component 
signal transduction systems in M. tuberculosis, as a possible orthologue 
of the Mak2p protein from the fission yeast Schizosaccharomyces pombe that 
is known to sense peroxide stress. Moreover, the SenX3-RegX3 
two- component system was the top scoring hit in a homology search with the 
Escherichia coli ArcB-ArcA global control system of aerobic genes. Using 
structural modelling techniques we have determined that SenX3 contains a 
PAS- like domain found in a variety of prokaryotic and eukaryotic sensors 
of oxygen and redox. Mutants with knock-outs of senX3 or of the 
accompanying transcriptional regulator regX3 were constructed and found to 
have reduced virulence in a mouse model of tuberculosis infection, the 
mutant bacteria persisting for up to 4 months post-infection; 
complemented mutants had regained virulence confirming that it 
was mutations of this two- component system that were responsible 
for the avirulent phenotype . This work identifies the PAS 
domain as a possible drug target for tuberculosis and mutations 
in the senX3-regX signal transduction system as potentially useful 
components of live vaccine strains. 
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immunity to experimental and natural infections by Mycobacterium 
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AB A review. Mendelian susceptibility to poorly pathogenic 
mycobacteria, such as bacillus Calmette-Guerin (BCG) and 
environmental nontuberculous mycobacteria (EM) , is a rare human 
syndrome. .Some patients present with mutations in the genes 
encoding IL-12p40 or IL12RP1, associated with impaired production of 
IFNy. Others carry mutations in the genes encoding 
IFNyRl, IFNyR2, or STAT1, associated with impaired response to 
IFNy. Knockout mice for IL-12, IFNy, or their receptors are 
also vulnerable to exptl. infection with nonvirulent 
mycobacteria. Studies with knockout mice also implicate other 
mols. involved in the induction of, or response to, IFNy, such as 
IL-18, IL-1, TNFa, IRF-1, and NOS2, in the control of 
mycobacterial infection. It is now clear that the 
IL-12 -IFNy loop is. crucial for protective immunity to exptl. and 
natural mycobacterial infection in both mice and men. 
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AB Although the deletion of RD1 is likely correlated to attenuation from 
virulence for members of the Mycobacterium tuberculosis (MTB) 
complex, the reasons for this phenotype remain to be fully explained. As 
genomic variation is responsible for at least a component of variability 
in gene expression, we Looked to the in vitro global expression profile of 
the RD1 artificial, knockout from M. tuberculosis H37Rv ( H3 7Rv : DELTARD1 ) 
for clues to elucidate its phenotypic shift towards attenuation. By 
comparing the transcriptome of H37Rv : DELTARD1 to that of virulent H37Rv, 
15 regulated genes located in nine different regions outside of RD1 have 
been identified, capturing an effect of RD1 ' s deletion on the rest of the 
genome. To assess whether these regulations are characteristic of 
attenuated MTB in general, expression profiles of natural RD1 
mutants (BCG Russia, BCG Pasteur, and M. microti) as well as the 1 
avirulent 1 M. tuberculosis H37Ra, whose RD1 region is genomically 
intact, were obtained. Results indicate that attenuated strains lack the 
expression of RD1 genes including cfplO and esat6, whether through 
deletion or reduced expression. Furthermore, comparative transcriptomics 
reveals the concurrent down- regulation of several gene neighborhoods 
beyond RD1 . The potential relevance of these other expression changes 
towards MTB virulence is discussed. Copyright 2004 Elsevier Ltd. ALL 
rights reserved. 
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AB The present invention provides methods for identifying, isolating and 
mutagenizing virulence genes of mycobacteria, e.g., M. 

marinum and M. tuberculosis. Also described are isolated virulence genes 
and fragments of them, isolated gene products and fragments* of them, 
avirulent bacteria in which one or more virulence genes are 
mutagenized, attenuated vaccines containing such mutant 

bacteria, and methods to elicit an immune response in a host, using such 
mutant bacteria. 
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AB Novel mycobacterial sulfation pathway proteins and polypeptides 

related thereto, as well as nucleic acid compns . encoding the same, are 

provided. The subject polypeptide and nucleic acid compns. find use in a 

variety of applications, including research, diagnostic, and therapeutic 

agent screening applications. Also provided are methods of inhibiting 

growth and/or virulence of a pathogenic mycobacterium, and 

methods of treating disease conditions associated with a pathogenic 

mycobacterium, particularly by administering an inhibitor of a 

mycobacterial sulfation pathway protein. The present invention 

further provides genetically modified mycobacteria having a 

defect in a sulfation pathway enzyme gene; and immunogenic compns. that 

include such genetically modified mycobacteria. 
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AB To assess the role of glutamine synthetase (GS) , an enzyme of central 
importance in nitrogen metabolism, in the pathogenicity of 
Mycobacterium tuberculosis, we constructed a glnAl mutant 
via allelic exchange. The mutant had no detectable GS protein 
or GS activity and was auxotrophic for L-glutamine. In addition, the 
mutant was attenuated for intracellular growth in human THP-1 
macrophages and avirulent in the highly susceptible guinea pig 
model of pulmonary tuberculosis. Based on growth rates of the 
mutant in the presence of various concentrations of L-glutamine, 
the effective concentration of L-glutamine in the M. tuberculosis 
phagosome of THP-1 cells was apprxl0% of the level assayed in the 
cytoplasm of these cells (4.5 mM) , indicating that the M. tuberculosis 
phagosome is impermeable to even very small molecules in the macrophage 
cytoplasm. When complemented by the M. tuberculosis glnAl gene, the 
mutant exhibited a wild- type phenotype in broth culture and in 
human macrophages, and it was virulent in guinea pigs. When complemented 
by the Salmonella enterica serovar Typhimurium glnA gene, the 
mutant had only 1% of the GS activity of the M. tuberculosis 
wild- type strain because of poor expression of the S. enterica serovar 
Typhimurium GS in the heterologous M. tuberculosis host. Nevertheless, 
the strain complemented with S. enterica serovar Typhimurium GS grew as 
well as the wild- type strain in broth culture and in human macrophages. 
This strain was virulent in guinea pigs, although somewhat less so than 
the wild- type. These studies demonstrate that glnAl is essential for M. 
tuberculosis virulence. 

L5 ANSWER 19 OF 62 BIOSIS COPYRIGHT (c) 2007 The Thomson Corporation on 

STN DUPLICATE 9 

AN 2004:64114 BIOSIS 
DN PREV20 04 0006534 9 

*TI Different susceptibility of two animal species infected with isogenic 
mutants of Mycobacterium bovis identifies phoT as having 
roles in tuberculosis virulence and phosphate transport. 

AU Collins, Desmond M. [Reprint Author] ; Kawakami, R. Pamela; Buddie, Bryce 
M.; Wards, Barry J.; de Lisle, Geoffrey W. 

CS Wallaceville Animal Research Centre, AgResearch, PO Box 40063, Upper Hutt, 
New Zealand 

desmond . collins@agresearch .co.nz 
SO Microbiology (Reading), (November 2003) Vol. 149, No. 11, pp. 3203-3212. 
print . 

ISSN: 1350-0872 (ISSN print) . 
DT Article 
LA English 

ED Entered STN: 28 Jan 2004 

Last Updated on STN: 28 Jan 2 004 

AB The Mycobacterium tuberculosis complex includes 

Mycobacterium bovis, which causes tuberculosis in most mammals, 

including humans. In previous work, it was shown that M. bovis ATCC 35721 

has a mutation in its principal sigma factor gene, sigA, causing 

a single amino acid change affecting binding of SigA with the accessory 

transcription factor WhiB3 . ATCC 35721 is avirulent when 

inoculated subcutaneously into guinea pigs but can be restored to 

virulence by integration of wild-type sigA to produce M. bovis WAg320. 



Subsequently, it was surprising to discover that WAg320 was not virulent 
when inoculated intratracheally into the Australian brushtail possum 
(Trichosurus vulpecula) , a marsupial that is normally very susceptible to 
infection with M. bovis. In this study, an in vivo complementation 
approach was used with ATCC 35721 to produce M . bovis WAg322, which was 
virulent in possums, and to identify the virulence-restoring gene, phoT. 
There are two point deletions in the phoT gene of ATCC 3 5721 causing 
frameshift inactivation, one of which is also in the phoT of BCG. 
Knockout of phoT from ATCC 35723, a virulent strain of M. bovis, produced 
M. bovis WAg758, which was avirulent in both guinea pigs and 
possums, confirming that phoT is a virulence gene. The effect on 
virulence of mode of infection versus animal species susceptibility was 
investigated by inoculating all the above strains by aerosol into guinea 
pigs and mice and comparing these to the earlier results. 
Characterization of PhoT indicated that it plays a role in phosphate 
uptake at low phosphate concentrations. At least in vitro, this role 
requires the presence of a wild- type sigA gene and appears separate from 
the ability of phoT to restore virulence to ATCC 35721. This study shows 
the advantages of using different animal models as tools for the molecular 
biological investigation of tuberculosis virulence. 
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AB Setting: Molecular techniques are now available to develop new live 
tuberculosis vaccines by producing avirulent strains of the 
Mycobacterium tuberculosis complex with known genes deleted. 
Objectives: Determine if removal of esat-6 from new live tuberculosis 
vaccines with known attenuating mutations affects their vaccine 
efficacy and if it could enable the development of discriminating 
diagnostic tests. Design: Remove the esat-6 gene by allelic exchange from 
two illegitimate mutants of Mycobacterium bovis that 

had previously been shown to have similar vaccine efficacy to BCG in a 
guinea pig vaccination model. Determine the effect this removal has on 
virulence, vaccine efficacy and skin test reactivity in guinea pigs. 
Results: Two double knockout strains of M. bovis were produced and their 
virulence and vaccine efficacy were compared to their parent strains. 
Removal of the esat-6 gene had no significant effect on vaccine efficacy. 
In skin tests, animals inoculated with the double knockout strains reacted 
to PPD but not ESAT-6, whereas those inoculated with the parent strains 
had similar skin test reactivity to both PPD and esat-6. Conclusion: 
Removal of esat-6 from new live tuberculosis vaccine candidates has no 
significant effect on vaccine properties but does enable the use of skin 
tests to distinguish between vaccination and infection. 
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AB Members of the Mycobacterium tuberculosis complex kill over two 

million people each year and a better vaccine is urgently needed. 
Mycobacterium bovis, a broad host range member of the complex, is 
probably responsible for up to 5% of these deaths and is also of major 
importance as a pathogen of domestic and wild animals. In the course of 
developing attenuated strains of M. bovis with efficacy as animal 
vaccines, we carried out transposon mutagenesis of the virulent 
M. bovis strain, WAg200, and identified a colony morphology mutant 
, WAg533. The mutant was avirulent in guinea pigs, 

and in vaccine trials provided protection at least equivalent to BCG. The 
transposon insertion site was found to disrupt the M. bovis gene 
equivalent to M. tuberculosis Rv0097. Reverse transcriptase PCR (rtPCR) , 
using primer pairs spanning adjacent genes, demonstrated that Rv0097 is in 
an operon including Rv0096, Rv0097, and Rv0098. Disruption of Rv0097 had 
a polar effect on expression of Rv0098. Semi-quantitative rtPCR showed 
that expression of the operon was up-regulated in WAg533, indicating the 
possible operation of a feedback regulatory system. The altered colony 
morphology of WAg533 compared to WAg200 suggested that the 
mutation carried by WAg533 may affect cell wall biosynthesis. 
Given the importance of mycobacterial cell wall lipids in 
virulence and that altered lipid biosynthesis can affect colony 
morphology, we compared the polar and non-polar lipid profiles of WAg53 3 
and* WAg200 by one and two dimensional TLC in a range of solvent systems. 
A glycosylated lipid from WAg200, with separation properties similar to 
glycosylphenolphthiocerol dimycocerosate was absent or just detectable in 
WAg533. This observation was supported by the independent isolation of a 
second colony morphology mutant, WAg537, derived from WAg201, 
another virulent M. bovis strain. WAg537, like WAg53 3, also carried an 
insertional disruption of Rv0097 and showed dramatically reduced 
production of the same glycosylated lipid. Thus, disruption of Rv0097 
causes altered synthesis of a glycosylated cell wall lipid and results in 
loss of virulence . 
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AB Our current understanding of Mycobacterium tuberculosis 

pathogenesis is limited and necessitates further research. This is 
especially true of our understanding of the expression and regulation of 
potential virulence genes. In previous studies, the eis gene from M. 
tuberculosis was shown to enhance the intracellular survival of the 
avirulent species Mycobacterium smegmatis in the human 

macrophage- like cell line U-937. In subsequent work, we were able to show 
that a 412 base pair region of the eis promoter was necessary for maximal 
expression in M. smegmatis and have now confirmed the same to be true for 
M . tuberculosis H37Ra (unpublished data) . In this study, we attempt to 
examine and characterize the eis promoter at the molecular level. The 
transcriptional start point (TSP) of eis was identified using primer 
extension analysis and found to map to a "G" nucleotide thirty-one 
nucleotides upstream from the initiation codon. This nucleotide is ten 
base pairs downstream of the putative -10 region, which matches 4 of 6 
nucleotides with the E. coli sigma 70-10 consensus sequence. A putative 
-35 region exists thirteen base pairs upstream from the -10 region that 
matches 5 of 6 nucleotides to the E. coli sigma 70 consensus sequence for 
this region. Primer-based mutagenesis of the putative -10 
region coupled with fluorescence analysis yielded an up-mutation 
demonstrating its importance for transcriptional activity. These data 
place the eis promoter among the Group A mycobacterial 
promoters. Error-prone PCR-based mutagenesis of the 412 base 
pair eis promoter is being performed to further examine and delineate 
nucleotides essential for eis transcription in both M. smegmatis and M. 
tuberculosis H37Ra. 
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AB Mycobacterium tuberculosis (MTB) establishes a chronic infection 

in the face of acquired immunity. We reported previously that isocitrate 
lyase 1(ICL1), an enzyme involved in fatty acid catabolism, is required 
for MTB persistence in C57B1/6 mice; and showed that IFNgamma drives the 
dependence on ICL1 . Here, we demonstrate the role of acquired immunity in 
this phenomenon using Ragl-/- mice. Ragl-/- mice were highly susceptible 
to MTB and died within 3 wks after i.v. infection with 106 CFU. The 
DELTAicllbacteria replicated efficiently in the RAG1 - / - mice and killed 
them with only slightly delayed kinetics as compared to wild-type 
bacteria. To investigate the involvement of other immune components, we 
infected TNFRI- / - , N0S2-/- and PHOX-/- mice with the DELTAicll 



mutant. TNFRI was found to be important for MTB's dependence on 
ICL1, whereas N0S2 and PHOX appeared not to play a significant role. We 
also found that the DELTAicll mutant is rendered 
avirulent by deletion of icl2 encoding a putative second ICL. 
Although MTB mutants lacking either ICL1 or ICL2 replicated 
exponentially in the lungs of C57B1/6 mice during the first 2 wks of 
infection, bacteria deficient in both ICL1 and ICL2 failed to grow and 
were eradicated from the lungs by 2 wks. DELTAi c 1 1 / DELTAi c 1 2 bacteria 
were also incapable of replication within non-activated mouse or human 
primary macrophages and were killed by IFNgamma- activated mouse 
macrophages. In contrast to DELTAicll bacteria, the DELTAi c 11/ DELTAi c 1 2 
mutant bacteria were avirulent even in mice lacking 

IFNgamma or TNFRI. These findings suggest that MTB requires ICL activity 
for intracellular replication immediately upon entering the macrophage 
regardless of its activation status and in vivo solely within the context 
of innate immunity. The partial functional redundancy between the two ICL 
enzymes agrees with our computer-generated model showing that the 
structure of the active site is similar in ICL1 and ICL2 . Our studies 
identify an essential metabolic adaptation allowing MTB to infect, 
replicate, and persist in vivo. We hypothesize that a drug targeting ICL1 
and ICL2 would efficiently kill MTB during early and late stages of 
infection and could shorten TB treatment. 
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AB Mycobacterium microti is a member of the Mycobacterium 

tuberculosis complex that causes tuberculosis in voles. Most strains of 
M. microti are harmless for humans, and some have been successfully used 
as live tuberculosis vaccines. In an attempt to identify putative 
virulence factors of the tubercle bacilli, genes that are absent from the 
avirulent M. microti but present in human pathogen M. tuberculosis 
or Mycobacterium bovis were searched for. A minimal set of 50 
bacterial artificial chromosome (BAC) clones that covers almost all of the 
genome of M. microti OV254 was constructed, and individual BACs were 
compared to the corresponding BACs from M . bovis AF2122/97 and M. 
tuberculosis H37Rv. Comparison of pulsed-field gel-separated DNA digests 
of BAC clones led to the identification of 10 regions of difference (RD) 
between M. microti OV254 and M. tuberculosis. A 14 -kb chromosomal region 
(RDlmic) that partly overlaps the RD1 deletion in the BCG vaccine strain 
was missing from the genomes of all nine tested M. microti strains. This 
region covers 13 genes, Rv3864 to Rv3876, in M. tuberculosis, including 
those encoding the potent ESAT-6 and CFP-10 antigens. In contrast, 
RDSmic, a region that contains three phospholipase C genes (plcA to -C) , 
was missing from only the vole isolates and was present in M. microti 
strains isolated from humans . Apart from RDlmic and RDSmic other M. 
microti-specif ic deleted regions have been identified (MiDl to MiD3 ) . 



Deletion of MiDl has removed parts of the direct repeat region in M. 
microti and thus contributes to the characteristic spoligotype of M. 
microti strains. 
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AB A better tuberculosis vaccine is urgently required to control the 

continuing epidemic. Molecular techniques are now available to produce a 
better live vaccine than BCG by producing avirulent strains of 
the Mycobacterium tuberculosis complex with known gene 
deletions. In this study, 1000 illegitimate recombinants of 
Mycobacterium bovis were produced by illegitimate recombination 
with fragments of mycobacterial DNA containing a kanamycin 
resistance gene. Eight recombinant strains were selected on the basis of 
their inability to grow when stationary-phase cultures were inoculated 
into minimal medium. Five of these recombinants were found to be 
avirulent when inoculated into guinea pigs. Two of the 
avirulent recombinants produced vaccine efficacy comparable to BCG 
against an aerosol challenge in guinea pigs with M. bovis. One of these 
recombinants had an inactivated glnA2 gene encoding a putative glutamine 
synthetase. Transcriptional analysis showed that inactivation of glnA2 
did not affect expression of the downstream glnE gene. The other 
recombinant had a block of 12 genes deleted, including the sigma factor 
gene sigG. Two avirulent recombinants with an inactivated pckA 
gene, encoding phosphoenolpyruvate carboxykinase which catalyses the first 
step of gluconeogenesis , induced poor protection against tuberculosis. It 
is clear that live avirulent strains of the M. tuberculosis 
complex vary widely in their ability as vaccines to protect against 
tuberculosis. Improved models may be required to more clearly determine 
the difference in protective effect between BCG and potential new 
tuberculosis vaccines. 
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AB Control of infection with virulent Mycobacterium tuberculosis 

(Mtb) in mice is dependent on the generation of T helper (Th) 1-mediated 
immunity that serves, via secretion of interferon (IFN) -gamma and other 
cytokines, to upregulate the antimycobacterial function of macrophages of 
which the synthesis of inducible nitric oxide synthase <NOS)2 is an 
essential event. As a means to understanding the basis of Mtb virulence, 
the ability of gene-deleted mice incapable of making NOS2 (NOS2 (-/-)), 
gp91(Phox) subunit of the respiratory burst NADPH-oxidase complex 
(Phox(-/-)), or either enzyme (NOS2/Phox (-/-)) , to control airborne 
infection with the avirulent RlRv and H3 7Ra strains of Mtb was 
compared with their ability control infection with the virulent H37Rv 
strain. NOS2(-/-), Phox(-/-), and NOS2/Phox ( - /- ) mice showed no 
deficiency in ability to control infection with either strain of 
avirulent Mtb. By contrast, NOS2(-/-) mice, but not Phox(-/-) 
mice, were incapable of controlling H37Rv infection and died early from 
neutrophil-dominated lung pathology. Control of infection with 
avirulent, as well as virulent Mtb, depended on the synthesis of 
IFN-gamma, and was associated with a substantial increase in the synthesis 
in the lungs of mRNA for IFN-gamma and N0S2, and with production of NOS2 
by macrophages at sites of infection. The results indicate that virulent, 
but not avirulent, Mtb can overcome the growth inhibitory action 
of a Thl -dependent, NOS2- independent mechanism of defense. 
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AB Background: Our current understanding of Mycobacterium 

tuberculosis pathogenesis is limited and necessitates further research. 
This is especially true when pertaining to the expression and regulation 
of potential virulence genes. Recently, the eis gene from M. tuberculosis 
was shown to enhance the intracellular survival of the avirulent 
species Mycobacterium smegmatis in the human macrophage- like 
cell line U-937. The work presented here examines the in vitro expression 
of GFP (Green Fluorescent Protein) from variable regions of the eis 
promoter in M. smegmatis and M. tuberculosis H37Ra. Methods: Variable 
regions of the eis promoter were PCR amplified and cloned into the 
promoterless gfp vector pFPV27. The variable promoter clones (pEP922, 
pEP662, pEP412, and pEP112) were then electroporated into M . smegmatis and 
H37Ra. Cells were grown to mid- log phase in supplemented 7H9 liquid 
media, samples were diluted, and then examined by flow cytometry. Cells 
harboring pFPV27 and pBEN, a vector that expresses gfp from phsp60, were 



used as negative and positive controls, respectively. Results: The flow 
cytometry results show that the eis promoter constructs in M. smegmatis 
all exhibit approximately 10 to 30-fold higher levels of fluorescence as 
compared to the negative control. Interestingly, different results were 
obtained in M . tuberculosis H37Ra . The largest construct, pEP922, 
produced a 50-fold higher level of fluorescence as compared to pFPV27. In 
contrast, the fluorescence of pEP662 fell to negative control levels, 
while pEP412 showed fluorescence levels comparable to pEP922. In cells 
containing pEP112, fluorescence plummeted to negative control levels. 
Mutations in the putative -10 region of the eis promoter 

completely abrogated transcriptional activity, demonstrating this regions 
essential role. Conclusion: In summary, these results show that the eis 
promoter is a strong mycobacterial promoter that seems to be 
const itutively utilized by M. smegmatis. In the native host M. 
tuberculosis, however, it appears that various regions of the eis promoter 
may be involved in positive and/or negative transcriptional regulatory 
functions. 
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AB Methods for identifying, isolating and mutagenizing virulence 
genes of mycobacteria, e.g., Mycobacterium marinum and 
M. tuberculosis, are described. The M. marinum signature- tagged 
mutant library was generated and screened for mutants 

which exhibit a reduced ability to survive in the goldfish model. Wild 
type M. marinum virulence genes which correspond to the genes disrupted by 
transposon in avirulent mutants were isolated. M. 

tuberculosis genes homologous to M. marinum virulence genes were isolated 
and characterized. Also described are isolated virulence genes and 
fragments of them, isolated gene products and fragments of them, 
avirulent bacteria in which one or more virulence genes are 
mutagenized, attenuated vaccines containing such mutant 



bacteria, and methods to elicit an immune response in a host, using such 
mutant bacteria. 
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AB Intracellular pathogens such as Mycobacterium tuberculosis are 

able to survive in the face of antimicrobial products generated by the 
host cell in response to infection. The product of the alkyl 
hydroperoxide reductase gene (ahpC) of M. tuberculosis is thought to be 
involved in protecting the organism against both oxidative and nitrosative 
stress encountered within the infected macrophage. Here we report that, 
contrary to expectations, ahpC expression in virulent strains of M. 
tuberculosis and Mycobacterium bovis grown in vitro is 

repressed, often below the level of detection, whereas expression in the 
avirulent vaccine strain M. bovis BCG is constitutively high. The 
repression of the ahpC gene of the virulent strains is independent of the 
naturally occurring lesions of central regulator oxyR. Using a green 
fluorescence protein vector (gfp) -ahpC reporter construct we present data 
showing that repression of ahpC of virulent M. tuberculosis also occurred 
during growth inside macrophages, whereas derepression in BCG was again 
seen under identical conditions. Inactivation of ahpC on the chromosome 
of M. tuberculosis by homologous recombination had no effect on its growth 
during acute infection in mice and did not affect in vitro sensitivity to 
H202 . However, consistent with AhpC function in detoxifying organic 
peroxides, sensitivity to cumene hydroperoxide exposure was increased in 
the ahpC::Kmr mutant strain. The preservation of a functional 
ahpC gene in M. tuberculosis in spite of its repression under normal 
growth conditions suggests that, while AhpC does not play a significant 
role in establishing, infection, it is likely to be important under 
certain, as yet undefined conditions. This is supported by the 
observation that repression of ahpC expression in vitro was lifted under 
conditions of static growth. 
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AB- Auxotrophic mutants of Mycobacterium tuberculosis have 

been proposed as new vaccine candidates. We have analyzed the virulence 
and vaccine potential of M. tuberculosis strains containing defined 
mutations in genes involved in methionine (metB) , proline (proC) , 
or tryptophan (trpD) amino acid biosynthesis. The metB mutant 
was a prototrophic strain, whereas the proC and trpD mutants 
were auxotrophic for proline and tryptophan, respectively. Following 
infection of murine bone marrow-derived macrophages, H37Rv and the metB 
mutant strain survived intracellularly for over 10 days, whereas 
over 90% of proC and trpD mutants were killed during this time. 
In SCID mice, both H3 7Rv and the metB mutant were highly- 
virulent, with mouse median survival times (MST) of 28.5 and 42 days, 
respectively. The proC mutant was significantly attenuated 
(MST, 130 days) , whereas the trpD mutant was essentially 
avirulent in an immunocompromised host. Following infection of 
immunocompetent DBA mice with H3 7Rv, mice survived for a median of 83.5 
days and the metB mutant now showed a clear reduction in 
virulence, with two of five infected mice surviving for 360 days. Both 
proC and trpD mutants were avirulent (MST of >360 

days) . In vaccination studies, prior infection with either the proC or 

trpD mutant gave protection equivalent (proC mutant) 

to or better (trpD mutant) than BCG against challenge with M. 

tuberculosis H37Rv. In summary, proC and trpD genes are essential for the 

virulence of M. tuberculosis, and mutants with disruptions in 

either of these genes show strong potential as vaccine candidates. 
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AB The granulomatous enteric lesions of cattle with Johne's disease are 

composed of infected macrophages, and grow by accumulation, re- infection, 
and expansion of macrophage populations in the intestinal wall. We have 
examined the growth of bacteria in macrophages to define characteristics 
of intracellular trafficking for exocytosis, replication, and antigen 
presentation. Using immunocytochemical markers for light, confocal and 
electron microscopy, we have examined potential pathway tropisms using 
data for bacterial attachment, phagosomal acidification, phagolysosomal 
degradation and apoptosis. Our hypotheses are that pathogenic/wild- type 
strains block phagosomal acidification so that the phagosome fails to 
obtain markers of the late phagosome and phagolysosome, and this leads to 
the replication pathway within bacteriophorous vacuoles. Non-pathogenic 
strains appear to be processed to exocytosis, and avirulent 
mutant strains may be degraded and have preference of antigen 
processing pathways that involve transport vesicles bearing MHC II 



antigens. Pathogenicity in a nude mouse model of intestinal infection 
reveals lesion development and confirms pathway preferences of virulent 
strains for bacteriophorous vacuole formation. 
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AB Background: The genome of Mycobacterium tuberculosis H3 7Rv has 

five copies of a cluster of genes known as the ESAT-6 loci. These 
clusters contain members of the CFP-10 (lhp) and ESAT-6 (esat-6) gene 
families (encoding secreted T-cell antigens that lack detectable secretion 
signals) as well as genes encoding secreted, cell- wall-associated 
subtilisin-like serine proteases, putative ABC transporters, ATP-binding 
proteins and other membrane-associated proteins. These membrane-associated and 
energy-providing proteins may function to secrete members of the ESAT-6 
and CFP-10 protein families, and the proteases may be involved in 
processing the secreted peptide. Results: Finished and unfinished genome 
sequencing data of 98 publicly available microbial genomes has been 
analyzed for the presence of orthologs of the ESAT-6 loci. The multiple 
duplicates of the ESAT-6 gene cluster found in the genome of M. 
tuberculosis H3 7Rv are also conserved in the genomes of other 
mycobacteria, for example M. tuberculosis CDC1551, M. tuberculosis 
210, M. bovis, M. leprae, M. avium, and the avirulent strain M. 
smegmatis. Phylogenetic analyses of the resulting sequences have 
established the duplication order of. the gene clusters and demonstrated 
that the gene cluster known as region 4 (Rv3444c-3450c) is ancestral. 
Region 4 is also the only region for which an ortholog could be found in 
the genomes of Corynebacterium diphtheriae and Streptomyces coelicolor. 
Conclusions: Comparative genomic anal, revealed that the presence of the 
ESAT-6 gene cluster is a feature of some high-G+C Gram-pos. bacteria. 
Multiple duplications of this cluster have occurred ad are maintained only 
within the genomes of members of the genus Mycobacterium. 
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AB The present invention discloses a novel approach to attenuating bacteria 

and their us as live vaccines. In particular, there is disclosed a method 
of attenuating bacteria Brucella (B.) abortus by mutating bacA 
gene, which encodes a membrane protein. The amino acid alignment of BacA 
from B. abortus, the BacA homolog of R. meliloti, and SbmA from E. coli 
are provided. The invention also relates to constructing BacA gene 
expression vector and mutagenesis of BacA gene for preparation 
avirulent Brucella strain used as vaccines. The invention also 
discloses methods of deliver compds. into cells by BacA mediated transport 
and drug screening methods by identifying BacA ligands. 
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AB Specific genetic deletions are identified in mycobacteria 

isolates, including variations in the M. tuberculosis genome sequence 
between isolates, and numerous deletion present in BCG as compared to M. 
tb. These deletions are used as markers to distinguish between pathogenic 
and avirulent strains, and as a marker for particular M. tb 
isolates. Deletions specific to vaccine strains of BCG are useful in 
determining whether a pos . tuberculin skin test is indicative of actual 
tuberculosis infection. The deleted sequences may be re- introduced into 
BCG to improve the efficacy of vaccination. Alternatively, the genetic 
sequence that corresponds to the deletion (s) is deleted from M. bovis or 
M. tuberculosis to attenuate the pathogenic bacteria. A convenient 



listing of deletion markers is condensed in table I. A genetically 
altered mycobacterium is prepared with a physiol. acceptable 
carrier for injection for vaccination. Homologous recombination is used 
to generate a deletion in deletion marker. These genetic markers are used 
for assays such as immunoassays, that distinguish between strains, such as 
to differentiate between BCG immunization and M. tb. infection. The 
protein products may be produced and used as immunogen, in drug screening, 
etc . 
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AB The intracellular human pathogens Legionella pneumophila and 

Mycobacterium tuberculosis reside in altered phagosomes that do 
not fuse with lysosomes and are only mildly acidified. The L. pneumophila 
phagosome exists completely outside the endolysosomal pathway, and the M. 
tuberculosis phagosome displays a maturational arrest at an early 
endosomal stage along this pathway. Rab5 plays a critical role in 
regulating membrane trafficking involving endosomes and phagosomes. To 
determine whether an alteration in the function or delivery of Rab5 could 
play a role in the aberrant development of L. pneumophila and M. 
tuberculosis phagosomes, we have examined the distribution of the small 
GTPase, Rab5c, in infected HeLa cells overexpressing Rab5c. Both 
pathogens formed phagosomes in HeLa cells with molecular characteristics 
similar to their phagosomes in human macrophages and multiplied in these 
host cells. Phagosomes containing virulent wild- type L. pneumophila never 
acquired immunogold staining for Rab5c, whereas phagosomes containing an 
avirulent mutant L. pneumophila (which ultimately fused 
with lysosomes) transiently acquired staining for Rab5c after 
phagocytosis. In contrast, M. tuberculosis phagosomes exhibited abundant 
staining for Rab5c throughout its life cycle. To verify that the 
overexpressed, recombinant Rab5c observed on the bacterial phagosomes was 
biologically active, we examined the phagosomes in HeLa cells expressing 
Rab5c Q79L, a fusion-promoting mutant. Such HeLa cells formed 
giant vacuoles, and after incubation with various particles, the giant 
vacuoles acquired large numbers of latex beads, M. tuberculosis, and 
avirulent L. pneumophila but not wild- type L. pneumophila, which 
consistently remained in tight phagosomes that did not fuse with the giant 
vacuoles. These results indicate that whereas Rab5 is absent from 
wild- type L. pneumophila phagosomes, functional Rab5 persists on M. 
tuberculosis phagosomes. The absence of Rab5 on the L. pneumophila 
phagosome may underlie its lack of interaction with endocytic 
compartments. The persistence of functional Rab5 on the M. tuberculosis 
phagosomes may enable the phagosome to retard its own maturation at an 
early endosomal stage. 
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The data are reviewed on the population structure and evolutionary 
dynamics of the nodule bacteria (rhizobia) which are among the most 
intensively studied microorganisms. High level of the population 
polymorphism was demonstrated for the rhizobia populations using the 
enzyme electrophoresis (MLEE profiles). The average value of Nei 1 s 
coefficient of heterogeneity (H = 1 - sumpi2 (n / (n - 1))) were: 0,590 
for rhizobia (Rhizobium, Bradyrhizobium) , 0,368 for enterobacteria 
(Escherichia, Salmonella, Shigella) and 0,452 for pathogenic bacteria 
(Bordetella, Borrelia, Eryispelotrix, Haemophilus, Heliobacter, Listeria, 
Mycobacterium, Neisseria, Staphylococcus) populations. In spite 
of being devoid of the effective systems for the gene conjugative 
transfer, many rhizobia populations possess an essentially panmictic 
structure. However, the enterobacteria populations in which the gene 
transfer may be facilitated due to the conjugative F- and R- factors, 
usually display the clonal population structure. The legume host plant is 
proved to be a key factor that determines the high levels of polymorphism 
and of panmixia as well as high evolutionary rates of the symbiotic 
bacteria populations. The host may ensure: a) an increase in 
mutation and gene transfer frequencies; b) stimulation of the 
competitive (selective) processes in both symbiotic and free-living 
rhizobia populations. A "cyclic" model of the rhyzobia microevolution is 
presented which allows to assess the inputs the interstrain competition 
for the saprophytic growth and for the host nodulation into evolution of a 
plant-associated rhizobia population. The nodulation competitiveness in 
the rhizobia populations is responsible for the frequency- dependent 
selection of the rare genotypes which may arise in the soil bacterial 
communities as a result of the transfer of symbiotic (sym) genes from 
virulent rhizobia strains to either avirulent rhizobia or to the 
other (saprophytic, phytopathogenic) bacteria. Therefore, the nodulation 
competitiveness may ensure: a) panmictic structure of the natural rhizobia 
populations; b) high taxonomic diversity of rhizobia which was apparently 
caused by a broad sym gene expansion in the soil bacterial communities. 
The kin selection models are presented which explain evolution of the 
"altruistic" (essential for the host plant, but not for the bacteria 
themselves) symbiotic traits (e.g., the ability for symbiotic nitrogen 
fixation and for differentiation into non-viable bacteroids) in the 
rhizobia populations. These models are based on preferential 
multiplication of the nitrogen- fixing clones either in planta (due to an 
elevated supply of the nitrogen- fixing nodules with photosynthates) or ex 
planta (due to a release of the rhizopines from the nitrogen- fixing 
nodules) . Speaking generally, interactions with the host plants provide a 
range of mechanisms increasing a genetic heterogeneity and an evolutionary 
potential in the associated rhizobia populations. 
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AB Pathogenic bacteria can be attenuated and engineered into live recombinant 
vectors for expressing the polypeptides encoded by other microorganisms. 
The use of recombinant avirulent BCG, Vibrio- cholerae and 
Shigella flexneri as a live vehicles appears to offer a safe and 
efficacious means of immunizing individuals against a diversity of 
infectious disease agents. Listeria monocytogenes, an opportunistic 
pathogen, is also taken into account as a delivery vector. This review 
presents the features of the currently constructed avirulent 
mutants of the particular microorganisms. It also cones, on 
various methods employed for foreign gene cloning and expression, as well 
as on different aspects of the gene products immunogenicity evaluated on 
animal models. In addition, several limitations concerning the use of the 
constructed strains as human vaccine are summarized below. 
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TI Preliminary characterization of a Mycobacterium abscessus 
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print . 
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AB The ability to persist in the host after the establishment of infection is 
an important virulence determinant for mycobacteria. 
Mycobacterium abscessus is a rapidly growing mycobacterial 
species which causes a variety of clinical syndromes in humans. We have 
obtained a rough, wild- type human clinical isolate of M. abscessus (M. 
abscessus-R) and a smooth, attenuated mutant (M. abscessus-S) 
which spontaneously dissociated from the clinical isolate. We have found 
that M . abscessus-R is able to persist and multiply in a murine pulmonary 
infection model in contrast to M . abscessus-S, which is rapidly cleared. 
To understand the basis for this difference, we characterized the behavior 
of these variants in human tissue culture models of infection. M. 
abscessus-R is able to persist and multiply in human monocytes, while M. 
abscessus-S is deficient in this ability. Both of these variants are 
phagocytized by human monocytes. M. abscessus-R resides in a phagosome 
typical for pathogenic mycobacteria with a tightly adherent 
phagosomal membrane. In contrast, M . abscessus-S resides in a "loose" 
phagosome with the phagosomal membrane separated from the bacterial cell 
wall. Both M. abscessus variants also have distinctive growth patterns in 
a recently described f ibroblast-mycobacterium microcolony assay, 
with M. abscessus-R exhibiting growth characteristics similar to those 
previously reported for virulent M. tuberculosis and M. abscessus-S 
exhibiting growth characteristics similar to those previously reported for 
avirulent M. tuberculosis. In both the monocyte infection assay 
and the murine pulmonary infection model, numerous infected mononuclear 
phagocyte aggregates develop at sites of M. abscessus-R infection, but are 
absent with M. abscessus-S infection. We conclude that a mutation 
has occurred in the M. abscessus-S variant which has altered the ability 
of this organism to persist and multiply in host cells and that this may 



be related to the phenotypic changes we have observed in our tissue 
culture models of infection. 
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AB Four nutritionally impaired strains or Mycobacterium bovis 

produced by illegitimate recombination were tested for their ability to 
protect guinea pigs against intratracheal challenge with virulent M. 
bovis. All four strains and M. bovis BCG induced significant levels of 
protection as measured by the reduced spread of infection to the spleen 
and liver. In animals vaccinated with BCG or two of the other strains, 
the bacterial counts from the lungs were significantly lower than those of 
the nonvaccinated animals. 
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AB Four nutritionally impaired strains of Mycobacterium bovis 

produced by illegitimate recombination were tested for their ability to 
protect guinea pigs against intratracheal challenge with virulent M. 
bovis. All four strains and M. bovis BCG induced significant levels of 
protection as measured by the reduced spread of infection to the spleen 
and liver. In animals vaccinated with BCG or two of the other strains, the 
bacterial counts from the lungs were significantly lower than those of the 
nonvaccinated animals. 
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AB IS6110 -based restriction fragment length polymorphism (RFLP) analysis of 
Mycobacterium tuberculosis H3 7Rv and its avirulent 
mutant H3 7Ra was performed by a number of restriction enzymes, 
including Nru I, EcoN I, Pst I, and Pvu II. No differences were found in 
the IS6110-f ingerprints of the study strains by Nru I. One differential 
IS6110-positive restriction fragment was detected by EcoN I in strain 
H3 7Ra, while analysis by Pst I revealed that two fragments of the strain 
H37Rv. were replaced by four novel IS6110-positive fragments in the strain 
H37Ra. By using Pvu II, a restriction enzyme that cleaves IS6110 once, 
and by probing for an IS6110-specif ic target sequence located to the right 
of the Pvu II site, we found that the strains H3 7Rv and H3 7Ra share 13 
IS6110-positive restriction fragments and that one IS6110-positive 
restriction fragment of H37Rv is replaced by four novel fragments in 
H37Ra; by probing for an IS6110-specif ic target sequence to the left of 
the Pvu II site, 13 shared restriction fragments and 2 differential bands 
in strain H3 7Ra were detected. These findings demonstrate that novel 
insertions of the IS6110 element exist in the avirulent strain 
H37Ra and raise the question of the role, if any, of IS6110- insertional 
mutagenesis in the establishment of the avirulent M. 
tuberculosis H37Ra phenotype . 
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AB An mRNA differential display (DD) assay was developed to compare gene 
expression between Mycobacterium tuberculosis H37Rv and its 
avirulent mutant H37Ra. The DD protocol made use of an 

oligo(dT) to prime reverse- transcriptase (RT) -dependent transcription of 
poly-A tailed mRNAs and a PCR amplification of the RT products by using 
ten 12 -base arbitrary primers in all their pair combinations. This 
analysis yielded 745 and 708 bands, including 52 and 15 differentially 
generated bands, in the strains H37Rv and H37Ra, respectively. Six cDNAs 
that appeared to be expressed in H37Rv, but not in H37Ra, were reamplified 
and. cloned and at least 10 inserts were sequenced for each cloned cDNA. 
After resolving discrepant results, 6 inserts were found highly homologous 
to M. tuberculosis H37Rv genes. Three of these, i.e., genes Rv2770c, 
Rvl345, and Rv0288, coding respectively for a member of the PPE protein 
family, a probable polyketide synthase, and a member of the protein family 
containing ESAT-6, have been predict ively associated to immunological or 
pathogenetic aspects of M. tuberculosis infection; the other genes, i.e., 
Rv2336, Rvl320c, and Rv2819c, code for proteins with unknown functions. 
These results show that mRNA DD methodology can represent a potential tool 
for investigation of M. tuberculosis gene expression. 
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AB DNA sequences associated with virulence in Mycobacteria, and 

particularly a fragment of DNA isolated from M. bovis that contains a 

region encoding a putative sigma factor are described. These sequences 

can be used to detect the corresponding DNA sequence or sequences associated 

with virulence determinants in mycobacteria, and particularly in 

M. tuberculosis and M. bovis. The invention also provides corresponding 

polynucleotides associated with avirulence in mycobacteria. 

Vaccine strains may be generated by directed mutagenesis of the 

virulence gene. In addition, a method for producing strains with altered 

virulence or other properties which can themselves be used to identify and 

manipulate individual genes is described. The method involves converting 

an avirulent host strain to virulence and measuring the effects 

in vivo. 
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AB The mycobacterial 19-kilodalton antigen (19Ag) is a highly 

expressed, surface-associated glycolipoprotein which is immunodominant in 
infected patients and has little homology with other known proteins. To 
investigate the pathogenic significance of the 19Ag, site-directed 
mutagenesis of the Mycobacterium intracellulare 19Ag 

gene was carried out by using a suicide vector-based strategy. Allelic 
replacement of the 19Ag gene of a mouse -avirulent M. 

intracellulare strain, 1403, was achieved by double- crossover homologous 
recombination with a gentamicin resistance gene-mutated allele. 
Unfortunately, an isogenic 19Ag was not achievable in the mouse-virulent 
strain, D673 . However, a 19Ag mutant was successfully 
constructed in M. intracellulare FM1, a chemically mutagenized 
derivative of strain D673. FM1 was more amenable to genetic manipulation 



and susceptible to site-directed mutagenesis of the 19Ag gene 
yet retained the virulent phenotype of the parental strain. No 
deleterious effects of 19Ag gene mutation were observed during 
in vitro growth of M . intracellular . Virulence assessment of the 
isogenic 19Ag mutants in a mouse infection model demonstrated 
that the antigen plays no essential role in the growth of M. 
intracellular in vivo. Site-directed mutagenesis of the 19Ag 
gene demonstrated that it plays no essential role in growth and 
pathogenicity of M. intracellulare; however, the exact nature of its 
biological function remains unknown. 
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CS Lab. Molecular Microbiol., PathoGenesis Corp., 101 Elliott Ave. West, 

Seattle, WA 98119, USA 
SO Journal of Bacteriology, (1996) Vol. 178, No. 5, pp. 1274-1282. 
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AB The live attenuated bacillus Calmette-Guerin (BCG) vaccine for the 
prevention of disease associated with Mycobacterium tuberculosis 
was derived from the closely related virulent tubercle bacillus, 
Mycobacterium bovis. Although the BCG vaccine has been one of the 
most widely used vaccines in the world for over 4 0 years, the genetic 
basis of BCG's attenuation has never been elucidated. We employed 
subtractive genomic hybridization to identify genetic differences between 
virulent M. bovis and M. tuberculosis and avirulent BCG. Three- 
distinct genomic regions of difference (designated RD1 to RD3) were found 
to be deleted from BCG, and the precise junctions and DNA sequence of each 
deletion were determined. RD3 , a 9.3-kb genomic segment present in 
virulent laboratory strains of M. bovis and M. tuberculosis, was absent 
from BCG and 84% of virulent clinical isolates. RD2 , a 10.7-kb DNA 
segment containing a novel repetitive element and the previously 
identified mpt-64 gene, was conserved in all virulent laboratory and 
clinical tubercle bacilli tested and was deleted only from substrains 
derived from the original BCG Pasteur strain after 1925. Thus, the RD2 
deletion occurred after the original derivation of BCG. RD1, a 9.5-kb DNA 
segment found to be deleted from all BCG substrains, was conserved in all 
virulent laboratory and clinical isolates of M. bovis and M. tuberculosis 
tested. The reintroduction of RD1 into BCG repressed the expression of at 
least 10 proteins and resulted in a protein expression profile almost 
identical to that of virulent M. bovis and M. tuberculosis, as determined 
by two-dimensional gel electrophoresis. These data indicate a role for 
RD1 in the regulation of multiple genetic loci, suggesting that the loss 
of virulence by BCG is due to a regulatory mutation. These 
findings may be applicable to the rational design of a new attenuated 
tuberculosis vaccine and the development of new diagnostic tests to 
distinguish BCG vaccination from tuberculosis infection. 
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AB DNA sequences associated with virulence in Mycobacteria, and 



particularly a fragment of DNA isolated from M. bovis that contains a 

region encoding a putative sigma factor are described. These sequences 

can be used to detect the corresponding DNA sequence or sequences associated 

with virulence determinants in mycobacteria, and particularly in 

M. tuberculosis and M. bovis. The invention also provides corresponding 

polynucleotides associated with avirulence in mycobacteria. 

Vaccine strains may be generated by directed mutagenesis of the 

virulence gene. In addition, a method for producing strains with altered 

virulence or other properties which can themselves be used to identify and 

manipulate individual genes is described. The method involves converting 

an avirulent host strain to virulence and measuring the effects 

in vivo. 
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AB Mice with a homologous deletion of the beta- 2 -microglobulin gene 

(beta-2m-) are deficient in class I major histocompatibility complex 
molecules (MHC) and consequently are deficient in CD8+ T cells. These 
beta- 2m- mutant mice control the intraperitoneal growth of an 
avirulent vaccine strain of mycobacteria, 

Mycobacterium bovis BCG, after intraperitoneal infection similarly 



to normal mice. We show that beta- 2m- mice have an increased gamma- delta 
(gamma-delta) T-cell response after infection with live avirulent 
mycobacteria, beta- 2m- mice have an earlier and more sustained 
rise in the proportion of intraperitoneal gamma-delta T cells, averaging 
17% of T cells, compared with 6% in normal mice, at 28 days after 
infection. Compared with the population in normal mice, gamma-delta T 
ceils in the spleens of beta-2m- mice averaged a higher proportion of the 
total T-cell population of the spleen on days 5, 8, and 14 after 
intraperitoneal infection. These data document the kinetics of 
gamma-delta T cells reactive to mycobacterial antigens in vivo 
without class I MHC restriction and support a role for class I MHC and 
CD8+ T cells in the in vivo regulation of gamma-delta T cells. 
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AB In Austria the prevalence of listeriosis is 2.6 cases per million 

inhabitants yearly, hence rather rarely the cause of spontaneous abortion 
or premature birth. On the other hand, Listeria monocytogenes is found in 
1% of the asymptomatic population as a component of stool flora. Since 
the cause of premature labor contractions remains unclear in about half of 
all cases, we examined 29 listeria strains for their ability to cause 
myometrial contraction by direct contact using an in-vitro uterine 
strip-model. Seven of nine L. monocytogenes strains were able to cause 
contractions; contractions were not inducible by an nonhemolytic 
mutane (SLCC 53, avirulent) nor by a rough strain (SLCC 
5779, only slightly virulent) . Three of six L. ivanovii isolates also 
exhibited the ability to induce contractions. None of the pathogenic 
species (L. innocua, L. seeligeri, L. welshimeri, L. grayi and L. murrayi) 
was capable of activating contractions in our in-vitro model. Only L. 
monocytogenes and L. ivanovii cause conjunctivitis after being dropped in 
rabbit's eyes (positive Anton Test). The influence of listeria on uterine 
activity as found in our in vitro model thus correlates with the classical 
pathogenicity test. We consider these in-vitro results as an additional 
argument to oppose the presence of L. monocytogenes in ready- to- eat foods. 
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AU Flynn, Joanne L. [Reprint author] ; Goldstein, Marsha M. ; Triebold, Karla 
J.; Roller, Beverly; Bloom, Barry R. 

CS Howard Hughes Med. Inst., Albert Winstein Coll. Med., Bronx, N.Y. 10461, 
USA 

SO Proceedings of the National Academy of Sciences of the United States of 

America, (1992) Vol. 89, No. 24, pp. 12013-12017. 

CODEN: PNASA6 . ISSN: 0027-8424 . 
DT Article 
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ED Entered STN: 9 Feb 1993 

Last Updated on STN: 9 Feb 1993 

AB ' Mice with a targeted disruption in the beta- 2 -microglobulin (beta-2m) 

gene, which lack major histocompatibility complex class I molecules and 

consequently fail to develop functional CD8 T cells, provided a useful 

model for assessing the role of class I-restricted T cells in resistance 

to infection with virulent Mycobacterium tuberculosis. Of 

mutant beta-2m-/-mice infected with virulent 10-6 M. tuberculosis, 

70% were dead or moribund after 6 weeks, while all control mice expressing 

the beta-2m gene remained alive for gt 20 weeks. Granuloma formation 

occurred in mutant and control mice, but far greater numbers of 

tubercle bacilli were present in the lungs of mutant mice than 

in controls, and caseating necrosis was seen only in beta- 2m-/- lungs . In 

contrast, no differences were seen in the course of infection of 

mutant and control mice with an avirulent vaccine 

strain, bacille Calmette-Guerin (BCG) . Immunization with BCG vaccine . 
prolonged survival of beta-2m-/-mice after challenge with M. tuberculosis 
for 4 weeks but did not protect them from death. These data indicate that 
functional CD 8 T cells, and possibly T cells bearing gamma-delta antigen 
receptor, are a necessary component of a protective immune response to M. 
tuberculosis in mice. 
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AB A vaccine for immunization of vertebrates or invertebrates comprises an 
avirulent derivative of a pathogen that is incapable of producing 
functional adenylate cyclase (AC) and cAMP receptor protein (cRP) . The 
avirulent microbe is produced by recombinant DNA techniques or 
transposori mutagenesis, forming deletion mutations in 
each of the genes for AC and cRP. The avirulent microbe is also 
used as a carrier for synthesis of a vertebrate or invertebrate host 
protein to produce a product capable of suppressing, modulating, or 
augmenting immunity. Mice inoculated with avirulent transposon 
TnlO-mutagenized Salmonella typhimurium, % 4062 and % 
4064 (Acya-3 Acrp-2 and Acya-1 Acrp-1, resp.), 

survived subsequent peroral challenge with 104 times the LD50 of fully 
virulent S. typhimurium SR11 x 3 3 06. 
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THE PLEIOTROPIC EFFECT OF SPONTANEOUS SINGLE STEP VARIANT PRODUCTION IN 
MYCOBACTERIUM - INTRACELLULARS 
KAJIOKA R [Reprint author] ; HUI J 

CENT LAB, BOX 9000, TERMINAL A, TORONTO, ONT M5W 1R5 , CAN 
Scandinavian Journal of Respiratory Diseases, (1978) Vol. 59, No. 2, pp. 
91-100 . 
Article 
BA 

ENGLISH 

A strain of M. intracellular , AT 13 786, derived from human sputum, gave 
rise to transparent and opaque colony forms which were cloned and 
investigated. It was concluded that the opaque form was a mutant 
of the transparent type and possessed alterations in the cell envelope 
which were responsible for enhanced permeability. The opaque form was 
more susceptible to a number of antibiotics; it grew faster in standard 
medium, and was not dependent on Tween for dextrose utilization. Tween 
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enhanced the antibiotic susceptibility of the opaque form more than that 
of the transparent form. The avirulent opaque colony form of 
the pathogenic strain serotype Boone also revealed a loss of Tween 
dependence for dextrose utilization. The significance of the overall 
change was discussed with respect to the question of virulence. 
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AN 1968:417680 CAPLUS 
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TI Immunogenic ity of cell walls from various mycobacteria against 

airborne tuberculosis in mice 
AU Brehmer, Werner; Anacker, Robert L. ,* Ribi, Edgar 
CS Nat. Inst, of Allergy and Infec. Dis., Hamilton, MT, USA 
SO Journal of Bacteriology (1968), 95(6), 2000-4 

CODEN: JOBAAY; ISSN: 0021-9193 
DT Journal 
LA English 

AB Protective potency of oil-treated cell walls of various 

mycobacteria against airborne infection of mice with a few cells 

of Mycobacterium tuberculosis H37Rv was compared with that of 

viable BCG. Although less potent than BCG cell walls, the cell walls of 

atypical mycobacteria of Runyon groups I to IV protected against 

challenge by aerosol to some degree. Protection afforded by cell walls of 

H37Rv and of the avirulent mutants H37Ra and 

Washington II was comparable to that provided by BCG cell walls. However, 

cell walls of a highly virulent strain of M. bovis provided the best 

protection yet achieved. Present evidence suggests that protective 

substances are shared by all mycobacteria but in differing 

amts.; the relation between virulence and immunogenicity has yet to be 

clarified. 
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AN 1965:2683 BIOSIS 
DN PREV19654600002682; BA46:2682 

TI Purification and properties of the transglucosylase inhibitor of 

Mycobacterium tuberculosis. 
AU LORNITZO, FRANK A.; GOLDMAN, DEXTER S. 
CS Veterans Admin. Hosp., Madison, Wis., USA 
SO J BIOL CHEM, (1964) Vol. 239, No. 9, pp. 2730-2734. 
DT Article 
FS BA 

LA Unavailable 

ED Entered STN: May 2007 

Last Updated on STN: May 2007 

AB Cell-free extracts of the H37Ra (avirulent) strain of M. 

tuberculosis contain a masked transglucosylase which catalyzes the 
synthesis of trehalose 6 -phosphate from uridine diphosphate glucose and 
glucose 6-phosphate. An inhibitor of the transglucosylase is an 
oligoribonucleotide containing between 6 and 9 purine bases and no 
pyrimidine bases. The oligoribonucleotide contains guanine and adenine in 
a molar ratio of 21. It noncompetitively inhibits the transglucosylase, 
and is distinct from and is not produced by ribonuclease digestion of 
soluble ribonucleic-acid (RNA) . The inhibitory oligoribonucleotide may be 
either a portion of the enzyme- forming system which accompanies the newly 
synthesized protein molecule or a portion of an RNA molecule which cannot 
be hydrolyzed during normal RNA turnover. The mutation which 
led to the H37Ra strain is interpreted as an alteration in the 
deoxyribonucleic-acid (DNA) which results in the formation either of a 
defective enzyme -forming system or of an RNA molecule containing a 
nondegradable oligoribonucleotide. ABSTRACT AUTHORS: Authors 
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AN 1964:29891 BIOSIS 

DN PREV19644500029895; BA45:29895 

TI Vitamin B12 synthesis by mycobacteria. 

AU AITHAL, H. N.; SIRSI, M. 

CS Indian Inst. Sci., Pharmacol. Lab., Bangalore, India 

SO INDIAN JOUR EXPTL BIOL, (1963) Vol. 1, No. 3, pp. 132-134. 

DT Article 

FS BA 

LA Unavailable 

ED Entered STN : May 2007 

Last Updated on STN: May 2007 

AB Vitamin-B12 synthesizing ability of different strains of saprophytic, 
bovine and human types of mycobacteria; and the differential 
distribution of the vitamin-B12 activity between the culture filtrates and 
the bacterial mass have been investigated. No qualitative or quantitative 
difference in the vitamin-B12 activity of the virulent human strain 
(H37RV) and its avirulent mutant (H37Ra) has been 

observed. In general, the saprophytes exhibit greater synthesizing 
ability than bovine and human types. No alkali stable factors could be 
detected in the culture filtrates of the saprophytes, bovine and BCG 
strains; while about 50 percent of the vitamin-B12 activity is due to 
these factors in the human strains, and M. tuberculosis H3 7RV and M. 
tuberculosis. H37Ra. In the case of the human strains, there is a 
negligibly small amount of vitamin-B12 in the bacterial mass; while in the 
case of the saprophytes and the bovine types, a comparatively larger 
amount of the vitamin is retained in the cells. ABSTRACT AUTHORS: Authors 
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TI Modification of ultraviolet- induced mutation frequency and 

survival in Mycobacterium avium by pre- irradiation incubation in 
phosphorus-deficient medium. 

AU TSUKAMURA, MICHIO 

CS Obuso Nat. Sanatorium, Obu, Aichi, Jap. 

SO JAP J MICRO BIOL, (1963) Vol. 7, No. 3, pp. 97-104. 

DT Article 

FS BA 

LA Unavailable 

ED Entered STN : May 2007 

Last Updated on STN: May 2007 

AB Effects of pre- irradiation treatments on the ultraviolet- induced 
mutation frequency and survival were investigated in an 
avirulent strain (Jucho strain) of Mycobacterium avium. 

Pre- irradiation incubation in phosphorus -deficient medium gave rise to an 
increase in sensitivity to ultraviolet irradiation when this pre- treatment 
itself caused no viability damage. Post- irradiation incubation in a 
medium supplemented with phosphates did not recover the loss in viability 
caused by ultraviolet irradiation in the cells pre- incubated in 
phosphorus-deficient medium. The increase of ultraviolet sensitivity was 
compatible with the previous finding in that ultraviolet irradiation 
produced a significant liberation of radioactive phosphorus compounds 
during irradiation. Pre- irradiation incubation of cells in 
phosphorus-deficient medium promoted a marked decline in 
ultraviolet- induced mutation frequency to streptomycin 
resistance, while it caused no decline in induced mutation 
frequency to isoniazid resistance. Possibly phenotypic expression of 
mutation to streptomycin resistance requires sufficient amount of 
some phosphorus compounds. Pre- irradiation incubation in nitrogen- free 
medium also caused increase in ultraviolet sensitivity. ABSTRACT AUTHORS: 
Author 
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AN 1963 :19220 BIOSIS 
DN PREV19634100019221; BA41: 19221 

TI Enzyme systems in the myco-bacteria . XII. The inhibition of the 

transglycosidase-catalyzed formation of trehalose 6-phosphate. 
AU GOLDMAN , DEXTER S . ; LORNITZO, FRANK A. 
CS Vet. Admin. Hosp . , Madison, Wis., USA 

SO JOUR BIOL CHEM, (1962) Vol. 237, No. 11, pp. 3332-3338. 
DT Article 
FS BA 

LA Unavailable 

ED Entered STN: May 2 007 

Last Updated on STN: May 2007 

AB Cell- free extracts of several strains of Mycobacterium 

tuberculosis contain a transglycosidase that catalyzes the formation of 
trehalose 6-phosphate from glucose 6-phosphate and uridine 
diphosphate-glucose . The specific activity of the enzyme of a virulent 
strain of M. tuberculosis is considerably higher than that of its 
avirulent mutant. The low activity in the 

avirulent strain is due to inhibition of the trans -glycosidase 
activity. The non- competitive inhibitor is active against both 
avirulent and virulent mycobacteria. The 

avirulent strain may be freed of the inhibitor by isoelectric 
precipitation. The transglycosidase separated from the inhibitor shows 
approximately the same specific activity as that in virulent strains of 
the tubercle bacillus. ABSTRACT AUTHORS: Authors 
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TI Mutations and inactivation of mycobacteria induced by 

ultraviolet irradiation. 
AU TSUKAMURA, MICHIO 

CS Obuso Nat Sanatorium, Obu, near Nagoya, Aichi-pref, Jap. 
SO JAP J TUBERC, (1962) Vol. 10, No. 1/2, pp. 1-14. 
DT Article 
FS BA 

LA Unavailable 

ED Entered STN: May 2 007 

Last Updated on STN: May 2007 

AB Resting cells of M. tuberculosis var. hominis, strain H37Rv, and 
avirulent strains of M. avium, strains S-type Jucho, R-type Jucho 
and Takeo, were exposed to ultraviolet radiation. These strains yielded 
dose- survival curves of a single-hit type supporting the one nucleus 
theory rather than the multinuclei theory of mycobacteria. The 
dose-mutation curves showed a marked discrepancy between 
mutations to streptomycin resistance and to isoniazid resistance 
in the H37Rv strain. During irradiation, the mutation frequency 
to isoniazid resistance increased rapidly, while the mutation 
frequency to streptomycin resistance increased only slowly. This 
discrepancy was also observed but to a lesser extent in the S-type Jucho 
strain. The existence of the discrepancy appears to be strain- specif ic . 
Phenomic lag was found for the expression of mutation to 

streptomycin resistance in the Jucho strain, while it was not found in the 

mutation to isoniazid resistance. In the H37Rv strain, both 

mutation frequencies were increased by the post -radiation 

incubation. Induced mutation to streptomycin resistance in the 

S-type Jucho strain was almost completely eliminated by post- treatment 

with chloramphenicol, while induced mutation to isoniazid 

resistance remained almost unchanged by the same treatment. 

Ultraviolet -resistant strains of mycobacterium were found to be 

only transient and they exhibited a single-hit survival curve. It was 

suggested that these transient radiation-resistant strains are of 



cyto-plasmic origin. ABSTRACT AUTHORS: Author 
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TI Comparison of effects of atom decay and beta- ray radiations on the 

inactivation and mutation of a mycobacterium 
AU Tsukamura, Michio 

CS Obuso Natl. Sanatorium, Obu/ Japan 
SO Genetics (1961), 46, 1561-4 

CODEN: GENTAE; ISSN: 0016-6731 
DT Journal 
LA Unavailable 

AB The effects of P32 and Sr90 (added to culture medium) on an 
avirulent strain of Mycobacterium avium were compared. 

Addition of 1 uc. P32/ml. to culture medium caused both inactivation and 
mutation. Addition of 20 uc . Sr90/ml. caused some increase of 
mutations and no inactivation. Addition of 2 uc. caused no 
increase in mutations. Results suggested that decay of P32 
atoms incorporated into cells cause inactivation and mutation. 
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TI Relation between the intracellular localization of beta-radioisotopes and 

their mutagenic effect 
AU Tsukamura, Michio 

CS Obuso Natl. Sanatorium, Obu, Aichi-ken 
SO Genetics (I960), 45, 309-14 

CODEN: GENTAE; ISSN: 0016-6731 
DT Journal 
LA Unavailable 

AB Mycobacterium avium, strain Jucho (avirulent) cells 

were inoculated into liquid modified Sauton medium containing 0.5 uo. of 
P32 orthophosphate/ml . of medium, or into a S-deficient liquid . Sauton 
medium containing 10 uc . of sulf ate-S35/ml . of medium. Ratios of 
streptomycin-resistant mutants and isoniazid- resistant 
mutants were used as markers of mutation frequencies. A 
10 -fold increase of mutation frequency occurred in cells 

irradiated by P32. No increase occurred in S35 irradiated cells although 
uptake of S35 was greater than P32 uptake. The mutagenic effect 
may be due to the intracellular localization of the P32 isotope. 
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Sulfolipid from virulent tubercle bacilli. 
MIDDLEBROOK, G.; COLEMAN, C. M . ; SCHAEFER, W. B. 
Natl. Jewish Hosp., Denver, Colorado 

PROC NATL ACAD SCI, (1959) Vol. 45, No. 12, pp. 1801-1804. 
Article 
BA 

Unavailable 
Entered STN: May 2 0 07 
Last Updated on STN: May 2007 

The bacterial cells of pathogenic human and bovine varieties of 
Mycobacterium tuberculosis fix the dye, neutral red, to their 
surface while attenuated or avirulent mutant strains 

do not. Analysis of the material responsible for this is described and 
evidence presented that the material contains a high proportion of methyl 
groups suggestive of methyl-branched- chain fatty acids, it has few 
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alcoholic hydroxyl groups, the infrared spectro-photometric absorption 
bands at 1020-1060 cm-1 and 1140-1200 cm-1 are consistent with those of a 
sulfonic acid, it lacks carbon- to- carbon unsaturated bonds and has no 
phthienoic type of fatty acid, and contains a prominent carboxylic acid 
ester absorption band and little or no free carboxylic acid. These 
studies and others made on other selected strains are described in detail. 
ABSTRACT AUTHORS: J. S. Greenstein 
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TI The mycolic acids of three human strains of Mycobacterium 

tuberculosis: H-37 Ra H.37 Rv and a streptomycin-resistant mutant 
of H-37 Rv. 

Original Title: Sur les acides mycoliques de trois souches humaines de 
Mycobacterium tuberculosis: H-3 7 Ra, H-3 7 Rv et un mutant 
H_37 Rv streptomycino-resistant . 

AU ASSELINEAU, J.; GENDRE, T. 

CS Inst. Biol. Physico-Chim. , Paris 

SO BULL SOC CHIM FRANCE, (1954) Vol. 1954, No. 10, pp. 1226-1233. 
DT Article 
FS BA 

LA Unavailable 

ED Entered STN: May 2 007 

Last Updated on STN: May 2007 

AB Isolation of 11 mycolic acids from the avirulent strain H.37 Ra 
and the virulent strains H-37 Rv and H-37 Rv S.r. (a mutant 
which is streptomycin-resistant) is described. Existence of 2 kinds of 
mycolic acids with 3 atoms of 02 was established. A certain number of 
derivatives of each of these acids was prepared. The chromic acid 
oxidation of the dihydroxy acids, alpha2 and beta mycolic acids, led to 
different diketones. In the alpha2 -mycolic acid from H-37 Rv and the 
beta-mycolic acid from H-37 Rv (S.r.), one hydroxyl is in position 3 and 
the other in position 6 or beyond. ABSTRACT AUTHORS: I. E. Liener 
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TI Differences in response of a virulent strain of the tubercle bacillus and 

its avirulent variant to metabolites and their genetic 

significance 
AU Marshak, Alfred 

SO Journal of Bacteriology (1951), 61, 1-16 

CODEN: JOBAAY; ISSN: 0021-9193 
DT Journal 

LA Unavailable , 

AB Of various amino acids (AA) tested, 13 had no significant effect on the 
rate of growth of either H37Ra or H37Rv strain of mycobacteria. 
The rate of growth of each strain was increased by 6 AA, but only 
a-alanine stimulated 1 strain (H37Ra) and not the other. Two AA 
inhibited both strains and 4 inhibited only H37Rv. Of 17 other 
metabolites studied, only thymine, hypoxanthine, and nicotinic acid had a 
differential inhibitory effect and none caused stimulation. Adenosine 
inhibited growth completely and caused lysis. When adapted to adenosine, 
H37Ra quantitatively converted adenosine to inosine. The latter was not 
inhibitory and apparently not utilized. Adenine inhibited both strains to 
a lesser degree than adenosine, which may be due to its competition with 
adenosine triphosphate, rather than interference with nucleic acid 
metabolism. Only methionine and choline antagonized the adenine- induced 
inhibition, and this primarily with H37Rv. It is postulated that the 2 
strains differ in that H37Ra has lost the capacity to utilize 
phospholipides, also that H37Rv uses at least 2 pathways for acetylation, 



whereas H3 7Ra retains only that which involves condensation of AA with 
pyruvate. H37Ra and H37Rv may differ by a single gene mutation. 
47 references. 



